In this paper we solve the Heat flux equation using a field transformation, the tanh method, the Riccati solutions and direct integration, getting several families of solutions.
Introduction
In this work we will approach the solution of the heat flux equation, [1] , considering the phenomena Newton's cooling law plus the Stefan-Boltzmann radiation law, [2] . This equation is very important in fields as dissimilar as irradiation of bones using laser techniques [3] , to green coffee roasting techniques [4] . In order to solve this differential equation, we use a field transformation, together with a very popular technique, called solitary wave Tanh solutions [5] , also solutions of the Ricatti equation [6] , and a direct integration.
Heat flux equation
The heat flux equation is [2] :
Where T is the scalar field temperature, t the time, T 0 is a reference temperature, R is universal gas constant, σ the Stefan-Boltzmann constant, the emissivity, C the heat capacity, m the total mass, µ the molar mass, A is the cross section area and P the pressure. Then, we derivative eq. (1)
Balancing the nonlinear term with the highest linear derivative, we get:
Then, we define the transformation:
then, eq. (2) is:
Now, we use the tanh method [6] . First, we define the independent variable:
The derivatives of t in terms of Y , are:
Replacing in eq. (9)
The solutions are given by [5] 
Again, balancing, we get:
Then
So, we get a group of algebraic equations, replacing eq.(15) in eq.(12), order by order in Y i (with i = 0, 1, 2). Then, we get: [6] .
Doing some algebra
We have two families of solutions
The Riccati Solutions
We apply the method in [6] , to get solutions for eq. (9). So:
where F solves, table (1), the Riccati equation, i.e.
here A, C are constants, table (1) . Balancing the nonlinear terms in eq. (9), we get m = 1 in eq. (23). So, ψ = a 0 + a 1 F . Therefore:
Also, we get a set of algebraic equations in order in F i (with i = 0,1,2,3,4)
Then, we get 12 solutions using Ricatti method.
Integration
Using eq. (1)
, and
+ ln
Conclusions
We solved the heat flux equation using a field transformation, the tanh method, the Riccati solutions and direct integration. We obtain fourteen families of solutions. As a future work, we can extend the method to investigate cartesian coordinate dependence and higher dimensions.
T (t) = (a 0 + a 1 tanh (t)) 1/3 , T (t) = (a 1 F (t))
